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ABSTRACT:Zeolitic imidazolate framework-8 (ZIF-8) is regarded in this study as a simple and low- 


cost alternative catalyst for the isomerization of glucose and the production of 5-hydroxymethy]l 
furfural (HMF). Two methods of preparing ZIF-8 catalysts were investigated: room temperature and 
hydrothermal synthesis at 140 °C. The hydrothermal synthesis method yields a material with a very 
large surface area (1967 m2g). When used as a catalyst, the ZIF-8 materials produced excellent 
fructose yields. ZIF-8 prepared by hydrothermal synthesis had a fructose selectivity of 65% and a 
glucose conversion of 24% at 100 °C in aqueous reaction medium. The selectivity dropped 
dramatically when the reactions were repeated at higher temperatures (140 °C). Surprisingly, higher 
temperatures resulted in higher levels of mannose production. Due to a lack of strong Brnsted acidity, 
ZIF-8 materials had low HMF yields. Despite the excellent performance of ZIF-8 catalysts in batch 
reactions, their activity did not translate well to the flow reactor during an 8-hour continuous run with 
a residence time of 6 minutes. The activity of ZIF-8 in the flow reactor at 100 °C was halved in 3 hours, 
implying that the catalyst's stability was not maintained in the long run. 
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1. INTRODUCTION 


Nanotechnology is currently a_ very microemulsion, and electrochemistry are used 


interesting field of research due to the 
successful application of nanomaterials in a 
variety of fields, including medicine, electronics, 
the environment, biology, and optics [1-4]. 
Nanoparticles are distinguished by their small 
size, large surface area, and dimensions ranging 
from 1 to 100 nm [5,6]. These materials’ 
physicochemical properties make them suitable 
for a wide range of applications, including the 
removal of pollutants from contaminated 
waters, biological activities, energy storage 
systems, and so on [1,7]. Nanomaterials in the 
form of particles, colloids, powders, rods, 
aggregates, tubes, wires, and thin films have 
been synthesized using a variety of techniques. 
These methods are classified as _ physical, 
biological, or chemical. Evaporation and 
mechanical treatments are used in physical 
methods [8-9], whereas sonochemistry, 


in chemical methods [4,8-10]. The latter have 
the advantage of being able to be synthesized at 
temperatures lower than 350 degrees Celsius 
[11].Biological methods rely on microorganisms 
such as plant extracts, bacteria, yeasts, and fungi 
to produce nanoparticles [12-13]. These 
methods have the advantages of being easily 
scaled, non-toxic, environmentally friendly, and 
reproducible [14]. As a result of global 


development, favouring good health and 
mitigating disease risk, the trend toward 
natural products has gained widespread 


attention. In this regard, the valorization of 
plant biomass is critical in terms of 
environmental protection [15-16]. Renewable 
natural resources play an important role in 
economic activity [17-18]. Several natural 
resources have been investigated as potential 
sources of bio-products in this context. 
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Components of biomass extracts, such as 
phenols, flavonoids, tannins, and other bio- 
products, were found to be responsible for 
metal salt reduction to nanoparticles [19]. 


Nickel (II), copper (II), cadmium (II), mercury 
(II), cobalt (II), and zinc (II) ions have been used 
because they can directly sense creatinine via 
their donor groups [20]. These metal ions have 
the ability to form complexes with creatinine, 
which has_ peroxidase-like activities. Metal- 
organic (MOF) frameworks, on the other hand, 
replace traditional metals and _ metal 
nanostructures with enhanced peroxidase 
mimicking properties. Metal-organic 
frameworks are nanoporous structures in 
which metal ions serve as connectors and 
organic ligands serve as linkers [21]. MOFs have 
attracted interest as peroxidase mimicking 
agents due to their distinct pore structure, large 
surface area, adaptable chemical composition, 
and high catalytic activity [22]. Zeolitic 
imidazolate framework-8 (ZIF-8) 
nanostructures are a type of MOF structure 
composed of Zn*2 ions connected by imidazolate 
linkers [23]. ZIF-8 has an 11.6 pore opening, a 
1413 m2/g surface area, good thermal stability 
up to 550 °C, and exceptional chemical stability 
[24]. The above-mentioned appealing 
properties of ZIF-8 make it useful in 
applications such as gas separation, sensing, 
and catalysis [25]. Furthermore, on ZIF-8-based 
electrodes, the Zn*2 ions in a ZIF-8 molecule can 
form a Zn-creatinine complex [26]. This ZIF-8 
property can be used to determine creatinine 
quantitatively. 


It has been reported that heterogeneous 
Lewis acid Sn-Beta zeolites selectively catalyse 
glucose isomerization into fructose in water 
[27]. The catalyst contains isolated Lewis acid 
centres in a zeolite Beta molecular framework 
that is relatively hydrophobic. The intrinsic 
hydrophobicity of the beta zeolite surface is 
expected to play an important role in limiting 
excessive water diffusion in micropores [28]. 
Furthermore, it promotes the _ selective 
adsorption of less hydrophilic glucose and the 
rapid removal of fructose to the aqueous phase, 
preventing further conversion into unwanted 
by-products [29]. The local environment around 
Lewis acid (Sn) sites and the hydroxyl density of 
the zeolite framework at the surface are clearly 
important for activity and selectivity in this 
reaction [30]. 
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In this paper, we show that ZIF-8 can catalyze 
the conversion of glucose into HMF while also 
producing fructose. This demonstrates that ZIF- 
8 acts as an active catalyst in the conversion of 
glucose to fructose. The reactions were first 
carried out in water, the most environmentally 
friendly solvent, at two different temperatures 
(100°C and 140°C). Following that, reactions 
were carried out at pH = 7.0 in an attempt to 
increase HMF _ production. Finally, the 
performance of a ZIF-8 catalyst in a continuous 
flow reactor was evaluated. 


2. MATERIALS AND METHODS 


2.1. Chemicals and Reagents 

Merck, India, provided the zinc nitrate 
hexahydrate (Zn(NO3)2.6H20), 2- 
methylimidazole (Hmim, C4sH¢6N2), phosphate- 
buffered saline 7.4 (PBS 7.4) tablets, Potassium 
ferrocyanide trihydrate (K4Fe(CN)«-3H20), 
potassium ferricyanide (K3Fe(CN)c¢), potassium 
chloride (KCl) were purchased from s.d.Fine 
Chemicals, India. (K4 DI was obtained from a 
Millipore Milli-Q plus 185 purification system 
with a resistivity of 16.4 MQ. 


2.2. Synthesis of ZIF-8 NPs 

ZIF-8 NPs solutions were created by combining 
Zn(NO3)2H20 as the metal precursor, 2-methyl 
imidazole as the organic precursor, and water 
as the solvent in a molar ratio of 1:100:1238. 
First, 50 mL of DI water was mixed with 
Zn(NO3)2H20 and Hmim using a magnetic stirrer 
for 45 minutes. The Zn salt solution was then 
dropped into the Hmim solution and stirred at 
room temperature for 1 hours. Gradually, the 
solution turned milky white. The solution was 
centrifuged for 10 minutes at 6000 rpm before 
being washed three times with pure DI water. 
The white ZIF-8 powder was dried overnight in 
a 100 °C drying oven. Finally, the ZIF-8 
nanopowder was extracted and redistributed in 
ethanol. 


2.3. Instrumentation for Physical and 
Electrochemical Characterization 

SEM images of the sensing electrode's surface 
morphology were examined using a JEOL JSM 
7500F instrument with an__ operating 
accelerating voltage of 5 kV. XRD analysis with a 
Rigaku D/MAX2000 and a copper (Cu) Ka 
(1.54176) was used to interpret the crystalline 
structure and orientations. The particle size 
analyzer Anton Paar (Model: PSA 1190, USA) 
was used to measure the particle size of the 
synthesized ZIF-8 nanoparticles.For line 
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contour fitting, the Gaussian-Lorentzian 
function was used, and for peak fitting, Shirley's 
background subtraction was used. 

The electrochemical characterization of the 
ZIF-8 was executed by a three-electrode system 
using palmsens4, an electrochemical 
workstation. The PSTrace 5.6 software was 
utilized to visualize the CVspectra of the 
electrode. A platinum (Pt) wire and the 
silver/silver chloride (Ag/AgCl) filled with 3 M 
KCl were used as the counter electrode and 
reference electrode, whereas ZIF-8 NPs was 
used as the working electrode. The three 
electrodes were mounted equidistant on top of 
the beaker containing electrolyte fixed with the 
help of a PDMS block and were connected to the 
monitor through palmsens4 potentiostat. 


2.4, Catalytic Activity 

At 100°C and 140°C, the ZIF-8 materials were 
tested as catalysts in the aqueous phase 
conversion of glucose for the production of 
HMF. Glucose conversion and product yields at 
100°C and 140 °C in aqueous solution at pH=7. 
Reaction was run in 3 ml batch reactor with 40 
mg of catalyst starting with 10 wt. % glucose in 
deionized water for 3 h. 


3. RESULTS 


3.1.Morphological, Structural, and 
Stoichiometric Characterization 

SEM images were analyzed to visualize the 
surface morphology of the synthesized ZIF-8 
NPs. In the SEM image of bare ZIF-8 shown in 
Figure 1, a flat surface with no grains was 
observed. The particles are all the same size. 
The SEM image of the densely packed ZIF-8 
nanoparticles confirmed the lower degree of 
agglomeration, with each particle having a 
distinct boundary. 


Figure 1: SEM image of synthesized ZIF-8 
Nanoparticles 


3.3 Particle size analysis 
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Figure 2 depicts the particle size of the ZIF-8, 
which ranged between 60 and 80 nm. This 
wassupported by particle size analysis of ZIF-8 
nanoparticles. The average particle size of the 
synthesized ZIF-8 nanoparticles was found to be 
65 nm. 
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Figure 2: Histogram of Particle size 
distribution of Zeolite imidazole framework 
(ZIF-8) 


3.2. XRD 

The XRD technique was used to investigate 
molecular orientation and crystal structure. 
Figure 2 depicts the plot of the obtained results. 
Figure 2 depicts the analysis of 2 theta values 
ranging from 2 to 35°. The presence of (002), 
(112), (022), (113), (222), (123), (114), (233), 
(134), (044), (244), and (235) planes was 
revealed by the XRD spectra. Peaks with high 
intensities (112), (022), and (044) confirmed 
the formation of ZIF-8 NPs. These findings were 
compared to previously reported literature [17, 
18] and found to be comparable.The structure 
of the ZIF-8 material based on hkl values are 
222 and 235. 
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Figure 3: XRD spectra for ZIF-8 nanoparticles 
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3.3. Electrochemical Characterization of the 
ZIF-8 NPs Sensing Electrode 


Figure 5a depicted the ITO modification steps 
in a CV measurement system using PEDOT:PSS 
followed by ZIF-8 NPs. The CV curves for 
various modification steps were scanned in PBS 
7.4 containing 1 mM [Fe(CN)6]3/4 and 0.1 M KCl 
for a potential window of 0.8 V to 1 V at a scan 
rate of 50 mV/S. At anodic voltage (Epa) of 0.40 
V and cathodic peak (Ep-) of 0.138 V, the 
Fet3/Fet2 redox exchange occurred at the bare 
electrode. Finally, at Epa/Epa = 0.38 V/0.09, the 
ZIF-8 NPselectrode displayed sharper redox 
peaks Ipa/Ipp = 124.46 A/129.88 A. The 
optimized electrochemical properties of the ZIF- 
8 NPselectrode were confirmed by a lower 
value of AE, (0.29) and steeper redox peaks. 
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Figure 5: The peaks showing the modification 
steps of ZIF-8 NPs electrode in PBS containing 
1mM [Fe(CN)6]3-/+ and 0.1 M KCI at scan rate of 
50 mV/S. 


3.4, Catalytic Activity 

Generally, sucrose and HFCS contain an equal 
amount of glucose and fructose. The component 
ratio of HFCS is usually 55%-45% for fructose 
and glucose respectively. But variations might 
come. It is mainly made up of corn starch. 
Fructose is formed as a result of corn starch 
processing. The ingredient is first extracted 
after which enzyme action takes place. This 
results in the conversion of glucose into 
fructose. HFCS is commercially used in baked 
items, canned items, packet soups, ice-creams 
etc. 


The glucose conversion and yield of fructose, 
mannose, and 5-Hydroxymethyl Furfural are 
shown in Figure 6. (HMF). In the absence of a 
catalyst, the conversion of glucose at 100 °C is 
negligible (Figure 6a, no catalyst). This is to be 
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expected given the stability and low reactivity of 
glucose in water. Glucose conversion increased 
to 25% in the presence of ZIF-8, resulting in a 
total product yield of 15.6% and 61.7% overall 
product selectivity. The catalyst primarily 
produces fructose (>15%) with a trace of 
mannose (0.4%). This implies that the Zn sites 
in the ZIF-8 framework are sufficiently Lewis 
acidic to promote glucose isomerisation. The 
Lewis acidity of ZIF-8 has previously been 
reported and linked to defective Zn sites with 
low coordination [31]. ZIF-8 is a hydrophobic 
framework as well [32]. As a result, the 
hydrophobicity of ZIF-8 catalysts may be 
related to their catalytic performance. 
Competition between reactant and solvent 
molecules on ZIF-8's hydrophobic surface 
favours the reactant, glucose. Glucose 
conversion over ZIF-8 catalysts is significantly 
higher (>80%) at 140 °C than at 100 °C, while 
overall product yields are comparable at both 
temperatures. The conversion of glucose over 
no catalyst was found to be much lower than 
that of ZIF-8 under the same conditions. 
Without a catalyst, it is closer to conversion. 
This indicates that Zn is inactive in the 
homogeneous phase. 
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Figure 6: Glucose conversion at 100°C and 
140°C with pH-7 
4. CONCLUSION 


We discussed the effect of synthesis 
temperature on ZIF-8 preparation, as well as 
the material's applicability as a low-cost, easy- 
to-prepare alternative catalyst in the catalytic 
conversion of glucose to fructose and HMF. ZIF- 
8, a highly crystalline material with an 
extremely high surface area, was created using 
the hydrothermal synthesis method. The 
formation of polyhedral ZIF-8 nanoparticles and 
crystallinity was confirmed by SEM and XRD 
analysis. The CV analyses were used to 
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determine the electrochemical behaviour of the [5] Garnett, M.C.,Kallinteri, P.2006. 
electrode. The synthesized materials were Nanomedicines and nanotoxicology: Some 
tested as glucose isomerization and HMF physiological principles. Occup. Med. 565, 
production catalysts. At a relatively low reaction 307-311. 
temperature of 100 °C, the materials [6] Ben Mosbah, M., Lassaad, M., Khiari, R., 
demonstrated activity in a batch reaction of Moussaoui, Y.2020. Current State of 
glucose to fructose isomerization. ZIF-8 Porous Carbon for | Wastewater 
catalysts produced comparable _ glucose Treatment. Processes, 8, 1651. 
conversions and product yields in water. [7] Hamad, H.T., Al-Sharify, Z.T., Al-Najjar, 
Fructose was the primary product, indicating S.Z.,Gadooa, Z.A.2020. A review on 
that ZIF-8 has Lewis acidity and can promote nanotechnology and its applications on 
glucose isomerization in water. The flow Fluid Flow in agriculture and water 
reactor's ZIF-8 activity was initially high, as recourses. IOP Conf. Ser. Mater. Sci. Eng. 
expected, but quickly decreased. This was 870, 012038. 
caused by either catalyst decomposition or [8] Satyanarayana, T., Reddy, S.S. 2018. A 
deactivation of the MOF surface by insoluble Review on Chemical and _ Physical 
humins. In the flow reactor at 100 °C, the Synthesis Methods of Nanomaterials. Int. 
activity of ZIF-8 was reduced by half in 2.5 J. Res. Appl. Sci. Eng. Technol. 6, 2885- 
hours, implying that more research is needed to 2889. 
understand the deactivation mechanism and [9] Ubaidullah, M., Al-Enizi, A.M., Shaikh, S., 
improve the long-term hydrothermal stability of Ghanem, M.A., Mane, R.S.2020. Waste PET 
ZIF-8 materials under catalytic conditions in plastic derived ZnO@NMC nanocomposite 
aqueous reaction medium. Understanding via MOF-5 construction for hydrogen and 
reaction kinetics and humin formation will aid oxygen evolution reactions. J. King Saud 
in revealing catalyst — structure-activity Uni. Sci. 32, 2397-2405. 
relationships, which will aid in improving long- [10] Yakoot, S.M. Salem, N.A.2016. A 
term catalyst stability. However in the future Sonochemical-assisted Simple and Green 
more focused work is needed to yield still more Synthesis of Silver Nanoparticles and its 
conversion factor by employing the modified Use in Cosmetics. Int. J. Pharmacol. 12, 
ZIF-8 nanoparticles. 572-575. 
[11] Sahoo, M., Vishwakarma, S., Panigrahi, C., 
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